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Biomedical research requires data integration
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EMBL-EBI: Most important data collections
Genomes & Genes

Ensembl: Joint project with Sanger Institute - high-quality annotation of vertebrate genomes

Ensembl Genomes: Environment for genome data from other taxons

1000 Genomes: Catalogue of human variation from major World populations

EGA*: European Genotype Archive* – genotype, phenotype and sequences from individual subjects 
and controls

ENA: European Nucleotide Archive – all DNA & RNA, nextgen reads and traces

Transcription
ArrayExpress: Archive of transcriptomics and other functional genomics data

Expression Atlas: Differentially expressed genes in tissues, cells, disease states & treatments

Protein
UniProt: Archive of protein sequences and functional annotation

InterPro: Integrated resource for protein families, motifs and domains

PRIDE: Public data repository for proteomics data

PDBe: Protein and other macromolecular structure and function

Small molecules
ChEBI: Chemical entities of biological interest

ChEMBL: Bioactive compounds, drugs and drug-like molecules, properties and activities

Processes
IntAct: Public repository for molecular interaction data

Reactome: Biochemical pathways and reactions in human biology

Biomodels: Mathematical models of cellular processes

Ontologies
GO: Gene Ontology, consistent descriptions of gene products

Scientific literature
CiteXplor: Bibliographic query system
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Why do we need standards?

• To help to fit together many pieces to make the useful 

whole when we have different manufacturers and product 

providers 

• Standards in IT – to exchange large volumes of data 

when many smaller transactions are needed and no 

single architecture can cover all applications

• Successful examples

Telecommunications

Banking 



No single architecture can cover all 

biomedical information applications



Nature Genetics Reviews (2006)



Four steps in developing a bioinformatics standard:

• Conceptual design and reporting requirements 

• Model formalisation – ontology, object model, identifiers 

• Data exchange format

• Supporting software 



What‟s special about basic research?

• To be on the leading edge you need to do things 

differently from the accepted practice

• You have to apply the latest technologies, which keep 

appearing monthly 

• The goal of basic research is to „break out of the box‟ 



Disruptive technologies.

“A technology becomes disruptive when the rate at which it improves exceeds

the rate at which users can adapt to the new performance.”
The Innovator's Dilemma. Clayton M. Christensen. Harvard Press. 1997



Disruptive technologies in biology

• Next-generation DNA sequencing

Data will be 1,000 <> 1,000,000 times cheaper to produce

Data production rates will be 1,000 <> 1,000,000 more by the end 

of the decade.

• Protein sequencing by Mass Spectrometry may also be 

disruptive

• There will probably be others

Macromolecular structure determination by Electron Microscopy

Imaging of various kinds

etc



Data in basic research changes somewhat 

faster than in banking

Franklin: Have you ever thought, Headmaster, that your 

standard might perhaps be a little bit out of date? 

Headmaster: Of course they are out of date. Standards are 

always out of date. That is what makes them standards.

- Forty Years On, by Alan Bennett, 1968



So what do we do?

• Give up? Not an option 

• Be modest – concentrate on areas with relatively 
established protocols and high throughput 

• Try to make sure that use of standards give real benefits 
to the scientists (end users) quickly (be agile!)

• Successful examples in Genomics and 
Bioinformatics
– Gene Ontology (GO)

– Minimum Information About a Microarray Experiment (MIAME)

– Systems Biology Markup Language (SBML)

– R and Bioconductor (Gene Set objects)

– BAM format for UHTS



How do we measure success?

• Citations? 

• Usage/Uptake? 

• Does this enable research that would not be possible 

otherwise (but how do you judge this?)



Gene Ontology (GO)

• The Gene Ontology, or GO, is a major bioinformatics 
initiative to unify the representation of gene and gene 
product attributes across all species

• Ashburner, CA Ball, JA Blake, D Botstein, H Butler … 
Gene Ontology: tool for the unification of biology - Nature 
genetics, 2000 - Cited by 5869 (Google Scholar)

• Almost all high throughput data analysis papers use GO 
in some way, analysis of groups of hundreds of genes 
would not be possible without GO (eg. Gene set 
enrichment analysis) 





NATURE VOL 403  17 FEBRUARY 2000





Nature editorial





• We collected over 9000 raw data files from Affymetrix 

U133A from GEO and ArrayExpress

• Applying strict quality controls, removing the duplicates 

• Data on 5372 samples remained

from 206 different studies generated 

in 163 different laboratories

grouped in 369 different biological „conditions‟ (tissue types, 

diseases, various cell lines, etc)

Enabling research that would not be 

possible otherwise





Gene 

expression 

wise most cell 

lines are very 

similar and 

rather different 

from their 

tissues or 

origin!



Hematopoietic and malignancy axes

Lukk et al, Nature Biotechnology, 28: 322



What did MIAME achieve

• To guide microarray software development – all 

microarray data shares a certain structure 

• To help to implement the principle that data supporting 

publications must be made available to the public in a 

usable format

• Enabled new conclusions drawn from metaanalysis of 

combined data

Being modest in goals and agile in implementation 

was the key!



MAGE-MLMGED standards – MAGE-ML
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It did work – used in ArrayExpress, Bioconductor, caArray, …



A lesson 

• Things should be made as simple as possible, but no 

simpler (A. Einstein)



Proliferation of functional genomics standards

• MIAME

• MIAPE

• MIACA

• MIARE 

• MISFISIE

• …

• Standardisation of standards - MIBBI



Nature Biotechnology volume 26 number 8 AUGUST 2008



More lessons for standards in basic research

• You can‟t coerce scientists (or anyone) to use standards

• Assess realistically what the implementation is going to 
cost and how much time it will take

• Most successful standards are developed bottom up

• Successful standards are often defined by killer software 
applications (bottom up standards)

• Approval of community, journals and funding agencies

• Keep the standards simple

• It‟s moving target, life cycle may be short, be ready to 
redevelop everything soon

• Open standards (and open source software)
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